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(54) CLEANING METHOD OF SEMICONDUCTOR SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To execute effective cleaning by dispersing noble metal and a 
noble metal oxide film in first cleaning fluid and removing them by second cleaning fluid. 
SOLUTION: First cleaning fluid has a ability that etching speed is not less than 3 nm at every 
minute and it is set to be fluid containing HF or alkaline one. A process for dispersing noble 
metal and a noble metal oxide film which are stuck to a part except for a desired part in first 
cleaning fluid by cleaning is provided. The etching speed of second cleaning fluid is made smaller 
than that of first cleaning fluid, and second cleaning fluid has an operation for generating 
electrostatic or stereoscopic repulsive force by controlling surface potential, surface tension 
and surface adsorption quantity. A process for removing noble metal and noble metal oxide 
which are stuck again is provided. Alkaline cleaning fluid is desirable, an electrostatic repulsive 
operation is obtained and the re-sticking of contamination can be suppressed. Cleaning fluid 
containing ammonia is desirable, the remaining of cleaning fluid can be reduced and a rinsing 
process after cleaning can be simplified. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cleaning method of a semiconductor substrate which formed the precious metals or a 
precious-metals oxide characterized by comprising the following. 

A process which makes said 1st penetrant remover distribute said precious metals or a 
precious-metals oxide which adhered by washing said semiconductor substrate with the 1st 
penetrant remover in addition to a desired part. 

A process of removing said precious metals or a precious-metals oxide which carried out the 
reattachment with the 2nd penetrant remover. 

[Claim 2]A cleaning method of a semiconductor substrate of the 1 st statement of a claim that an 
oxide film is formed in parts other than an element formation part of a substrate at least before 
forming said precious metals or a precious-metals oxide, and is characterized by a thing of said 
oxide film for which a surface portion, or an oxide film and a substrate face are removed at least 
with said 1st penetrant remover. 

[Claim 3]A cleaning method of the semiconductor substrate according to claim 1 or 2 by which 
said 1st penetrant remover is being [ an etch rate / a thing of not less than 3 nm/m ] 
characterized. 

[Claim 4]A cleaning method of a thing in which said 1st penetrant remover contains HF, or the 
semiconductor substrate according to claim 3 being an alkaline fluid. 

[Claim 5]A cleaning method of the semiconductor substrate according to claim 3 or 4, wherein 
said 1st penetrant remover contains at least one sort of an oxidizer, a chelating agent, a 
surface-active agent, and alcohol. 

[Claim 6]A cleaning method of the semiconductor substrate according to any one of claims 1 to 
5, wherein said 2nd penetrant remover is what has the operation which prevents reattachment of 
contamination by control of electrostatic repulsion, steric repulsion, surface tension, etc. 
[Claim 7]A cleaning method of the semiconductor substrate according to claim 6, wherein said 
2nd penetrant remover is an alkaline solution containing 1 or two or more ingredients which are 
chosen from a group which consists of ammonia, tetramethylammonium hydroxide, and 
hydroxylation trimethyl (2-hydroxy) ethylammonium. 

[Claim 8]A cleaning method of the semiconductor substrate according to claim 6 or 7, wherein 
said 2nd penetrant remover contains at least one sort of an oxidizer, a chelating agent, a 
surface-active agent, and alcohol. 

[Claim 9]A cleaning method of the semiconductor substrate according to claim 5 or 8 which 
consists of at least one sort as which said oxidizer is chosen from hydrogen peroxide solution, 
ozone, nitric acid, sulfuric acid, perchloric acid, and oxygen. 

[Claim lOjSaid chelating agent Ethylenediaminetetraacetic acid, transformer 1,2- 
cyclohexanediaminetetraacetic acid, A cleaning method of the semiconductor substrate 
according to claim 5 or 8 which consists of at least one sort chosen from nitrilotriacetic acid, 
diethylenetriaminepentaacetic acid, N-(2-hydroxyethyl) ethylene diamine N,N',N'-Tori acetic acid, 
or these salts. 

[Claim 1 1]A cleaning method of the semiconductor substrate according to any one of claims 1 to 
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10, wherein said precious metals or a precious-metals oxide includes 1 or two or more materials 
which are chosen from a group which consists of Cu, Au, Pt, Ir, Ru, TiN, WN, Ir02, and RUO2. 

[Claim 12]A cleaning method of the semiconductor substrate according to any one of claims 1 to 
1 1 characterized by impressing an ultrasonic wave when performing said washing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of washing effectively the 
semiconductor substrate which formed the method of washing a substrate especially the 
precious metals, or a precious-metals oxide. 
[0002] 

[Description of the Prior Art]In recent years, the art of using ferroelectrics, such as PZT and 
BST, as a capacity insulation film instead of the conventional silicon oxide or nitrogen oxides is 
actively studied from the industrial request. The method of using metal, such as Pt and Ir, as an 
electrode layer of these capacity insulation films is studied widely. Aiming at utilization of the 
non-volatile RAM in which the low operating potential which is not in the former and high-speed 
write-in read-out are possible, the production technology of the highly precise thin film is 
searched for. 

[0003]Metal, such as Pt of electrode layer material and Ir, will have big influence on the electrical 
property of a device, when contamination arises with such materials, while it excels in heat 
resistance or conductivity and has chemically the characteristic of being stable. For this reason, 
it has been such an important technical problem that management of metallic contamination 
influences the yield of a product in a ferroelectrics process. 

[0004] Hereafter, the conventional manufacturing method of the ferroelectric capacitative 
element which equipped the electrode layer with the precious metals and a precious-metals 
oxide is explained, referring to drawings. 

[0005]First, a MOS transistor is formed on the silicon substrate 10 like drawing 5 (a) using a 
publicly known method. The silicon oxide 1 1 is first formed by thermal oxidation. Subsequently, 
these are patterned and a gate electrode is formed, after forming the phosphorus doped 
polysilicon 12 and WSi13 in this order. Next, the impurity diffused layer 14 is formed by an ion 
implantation, and MOSFET is completed. Next, as shown in drawing 5 (b), after forming the 
silicon oxide (BPSG) 16 which contained boron as an interlayer insulation film with a CVD 
method, the opening of the contact hole is carried out by etching, and Ti film 1 7 and the 
tungsten film 18 are formed in this order in a hole. A tungsten plug is formed of the above. It 
continues, and like drawing 5 (c), after forming the capacity lower electrode layer 21, PZT film 20 
and the capacitance-upper-electrodes layer 1 9 are formed in this order. For example, the 
laminated structure of Ir02/Ir is used for Pt/TiN/Ti and the capacitance-upper-electrodes layer 

19 at the capacity lower electrode layer 21, and it forms by both sputtering. A PZT film is formed 
with a CVD method etc. Next, the photoresist 22 is formed on the capacitance-upper- 
electrodes layer 1 9 ( drawing 6 (a)). Subsequently, dry etching of the capacity lower electrode 
layer 21, PZT film 20, and the capacitance-upper-electrodes layer 19 is carried out by using this 
photoresist 22 as a mask, and it is considered as predetermined shape ( drawing 6 (b)). In this 
process of a series of, the contaminant 23 adheres to the rear face of a substrate ( drawing 6 
(c)). This contaminant 23 is produced in a substrate rear by the transfer from the contaminant 
accumulated in the device conveyance system, the surroundings lump at the time of sputtering 
membrane formation, etc. 
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A polluting component is a resultant of the charge of a ferroelectric film material, electrode layer 
material, photoresist materials and such materials, and etching gas, etc. 

The cross contamination to other substrates arises with this contaminant 23, and, in the case of 
the metallic contamination by electrode layer ingredients, such as Ft and Ir, the electrical 
property of devices, such as a leakage characteristic and life time, becomes with the cause of 
deteriorating remarkably, especially. 

[0006]The influence of the metal impurity on a semiconductor substrate is described, for 
example in the 182nd page of Tadahiro Omi work "ultra clean ULSI art" (Baifukan 1995). 
According to this literature, the metal impurity on a semiconductor substrate, Electrical property 
degradation of PN-junction current leakage, poor oxide film resisting pressure, a carrier lifetime 
fall, etc. is brought about, In order to avoid these degradation, it is being described that it is 
necessary to make metal impurity concentration of a semiconductor substrate surface below 
into 10 ^^atoms/cm^ at least in 16MbitDRAM. The semiconductor manufacturing process of the 
actual condition of having processes, such as resist-ashing, reactive ion etching, and an ion 

implantation, is described that the metallic contamination about 10 ^^atoms/cm^ is not avoided 
to a silicon wafer. 

[0007]In order to avoid the problem of such metallic contamination, washing of a substrate is 
performed in a semiconductor manufacturing process. RCA washing is known in washing of a 
silicon substrate. RCA washing is described at the RCA review, the 31st volume, No. 2, and the 
187-206th page (RCA Review, P.1 87-206, VOL.31, N0.2, JUNE, 1970) in June, 1970. According 
to the above-mentioned literature, by RCA washing, many alkali cleaning is used for acid for acid 
cleaning to particle contamination to the metallic contamination of fusibility. As a penetrant 
remover used for acid cleaning, there are HPM (mixed liquor of chloride and hydrogen peroxide 
solution), SPM (mixed liquor of sulfuric acid and hydrogen peroxide solution), DHF (rare fluoric 
acid), etc., and it washes by dissolving the metallic contamination adhering to a silicon surface 
into a penetrant remover. Since especially DHF has the operation which dissolves silicon oxide, it 
is used also for removal of a natural oxidation film etc. On the other hand by alkali cleaning, APM 
(mixed liquor of an ammonia solution and hydrogen peroxide solution) is used in many cases, The 
neighborhood of the surface of silicon is dissolved, the lift off of the stuck particles is carried 
out, they are washed, and the reattachment is prevented by the electrostatic repulsion operation 
between the electric double layers formed in the surface of the adhesion particle by which the 
lift off was carried out further, and a silicon substrate, etc. 

[0008]The cleaning method of the metallic contamination on a semiconductor substrate is 
indicated by the JP,7-45580,A gazette. In this invention, after removing the natural oxidation film 
of a substrate face by washing a semiconductor substrate using an HF aqueous solution, the 
mixed liquor of HF, HCI, H2O2, and pure water washes a substrate face. 

Therefore, suppose that it is effectively removable of metallic contamination, such as Cu. 
The cleaning method of the semiconductor substrate for Cu contamination is mainly indicated by 
the JP,8-264499,A gazette. A substrate face is made to contact at the temperature of 60 ** or 
less in this invention using the solution which contains chloride or formic acid, hydrogen 
peroxide, and fluoric acid as a penetrant remover. 

Therefore, it is supposed that the Cu contamination of a substrate face will be removable. 

[0009]The cleaning method of the particle contamination on the semiconductor substrate which 
uses ozone water and ammonia for a JP,10-1 12454,A gazette is indicated. By etching a 
substrate face next with the penetrant remover which mixed ammonia in ozone water, after 
immersing a semiconductor substrate in ozone water and oxidizing the surface in this cleaning 
method, Disassembly of hydrogen peroxide and generating of micro roughness which were the 
faults of the conventional APM washing are improved, and it is supposed that particle 
contamination will be effectively removable. 

[0010]The cleaning method which removes both the metallic contamination in silicon system 
material and particle contamination is indicated by the JP,7-22363,A gazette. In this invention, 
after carrying out preceding paragraph washing of the silicon system material using penetrant 
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removers, such as ARM. HPM, and SPM, it washes using the liquid which added chloride to 
fluoric acid in the final cleaning process. 

Therefore, it is supposed that impurities, such as heavy metal pollution, such as Cu, particle 
contamination, and a natural oxidation film, will be removable. 

[001 1]In the thermal diffusion process of Au to a silicon wafer, the manufacturing method of the 
semiconductor device from which surplus Au which remained in the silicon wafer surface is 
removed using aqua regie is indicated by the JP,61-274330,A gazette. In the pattern process of 
Pt wiring on a semiconductor substrate in a JP,3-236234,A gazette. The manufacturing method 
of the semiconductor device from which unnecessary Pt which remained on the substrate after 
etching further is removed using said aqua regia is indicated using the aqua regia diluted to 50 to 
80% as an etching reagent. 
[0012] 

[Problem(s) to be Solved by the Invention] However, since metallic contamination, such as Pt and 
Ir, is inertness chemically, it is difficult to carry out dissolution removal using the conventional 
acidic washing liquilds, such as HPM, SPM, and DHF. 

[001 3] Although a high cleaning effect is acquired to the heavy metal pollution of the fusibility of 
Cu, Fe, nickel, etc., the cleaning method indicated by the JP,7-45580,A gazette, the JP,8- 
264499,A gazette, and the JP,7-22363,A gazette, To precious-metals contamination of poor 
solubility, such as Pt and Ir, a cleaning effect is hardly acquired. 

[0014]The cleaning method indicated by the JP,8-264499,A gazette. Since the etching operation 
of a substrate occurs, although a cleaning effect is acquired, since only the etch rate which fully 
carries out the lift off of the precious-metals contamination of Pt which adhered firmly on the 
substrate, Ir, etc. is not obtained, the problem on which contamination remains arises. 
[0015]When adapted for a cleaning method [ in / for the removing method of the precious metals 
using the aqua regia indicated by the JP,61-274330,A gazette and the JP,3-236234,A gazette / 
this invention ], to Au of fusibility, and Pt contamination, can expect a cleaning effect from aqua 
regia, but. It is difficult for aqua regia to carry out dissolution removal to poorly soluble Ir and Ru 
contamination. 

[0016]As mentioned above, very advanced cleanliness was demanded in the ferroelectrics 

process in recent years, and this demand was not able to be met even if it used the conventional 

cleaning methods, such as the above-mentioned RCA washing. 

[0017]In light of the above-mentioned circumstances, this invention is a thing. 

The purpose is to provide the method of removing effectively the metallic contamination 

produced in a substrate rear in **. 

[0018] 

[Means for Solving the Problem]As mentioned above, washing of the conventional metallic 
contamination is due to operation of dissolving into acidic washing liquild and removing metallic 
contamination, but since metal, such as Pt and Ir, hardly dissolves in common acidic washing 
liquild, it is difficult to dissolve like removal of the conventional metallic contamination and to 
remove. Even when a lift off tends to be carried out like washing of particle contamination and it 
is going to remove, in a penetrant remover used for washing of the conventional particle 
contamination, it is difficult to carry out the lift off of the precious-metals contamination of Pt, 
Ir, etc. which adhered to a substrate firmly, and it cannot fully be washed. Therefore, as for 
washing of metallic contamination, such as Pt produced in a substrate in a ferroelectrics process 
etc., and Ir, it is desirable to wash by a different method from washing of the conventional 
metallic contamination or particle contamination. 

[0019]This invention persons considering precious-metals contamination from a different 
viewpoint from the conventional metallic contamination, and sticking to (1) precious metals as 
insoluble particle contamination in a substrate face, and (2) It found out by experiment that 
particle of the precious metals was charged in negative in an alkali solution. Based on this result, 
washing of precious-metals contamination finds out that not dissolution removal applied to 
washing of the conventional metallic contamination but a method using lift off effect of 
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contamination by etching of a substrate applied to washing of particle contamination is more 
effective. According to this invention persons' experiment, with penetrant removers, such as 
ARM used for washing of the conventional particle contamination. It turned out that sufficient lift 
off effect is not acquired to washing of precious-metals contamination since the etch rate is 
insufficient, but the lift off of the precious-metals contamination can fully be carried out if it is a 
penetrant remover which has an etch rate of not less than 3 nm/m. 

[0020] Drawing 9 is a related figure of an extraction ratio of contamination and an etch rate 
which adhered on silicon. In drawing 9, an extraction ratio of contamination carries out soak 
cleaning of the contamination wafer to HF or an aqueous ammonia solution which has a 
predetermined etch rate for 5 minutes, and analyzes and calculates quantity of contaminant of a 
wafer before and behind washing. It turns out that it is easy to remove ** and Rt contamination 
on an oxide film compared with a thing on silicon that it is hard to remove Pt contamination from 
this figure compared with PSL particle contamination. However, even when precious-metals 
contamination was strong and an adhesion operation on a substrate carried out a lift off by the 
above-mentioned washing rather than the usual particle contamination, in acidic washing liquild, 
it also became clear by experiment that a problem peculiar to precious-metals contamination of 
carrying out the reattachment exists ( drawing 7 (a), (b)). 

[0021]It is that this invention persons wash a substrate to this problem using the 1st penetrant 
remover that has a predetermined etch rate first. It found out that it could remove effectively, 
without making precious-metals contamination of Pt, Ir, etc. remain on a substrate by carrying 
out the lift off of the precious-metals contamination, making it distribute in a penetrant remover, 
and washing contamination which carried out the reattachment into said penetrant remover 
further using the 2nd high penetrant remover of contamination reattachment depressor effect 
( drawing 8 ). It is thought that this shows that a lift off of contamination and reattachment control 
are acting effectively. 

[0022]According to this invention which solves an aforementioned problem, a semiconductor 
substrate which formed the precious metals or a precious-metals oxide, Said precious metals or 
a precious-metals oxide film which adhered by washing with the 1st penetrant remover in 
addition to a desired part with a process which said 1st penetrant remover is made to distribute, 
and the 2nd penetrant remover. A cleaning method of a semiconductor substrate including a 
process of removing said precious metals or a precious-metals oxide which carried out the 
reattachment is provided. 

[0023]After forming the precious metals or a precious-metals oxide on a semiconductor 
substrate according to the cleaning method of an above-mentioned semiconductor substrate, 
After processing metallic contamination which adhered in addition to a part of a request of a 
substrate using a penetrant remover which has a predetermined etch rate, it processes with a 
drug solution with a particle removing effect, and is washing gradually. Thereby, metallic 
contamination which adhered in addition to a part of a request of a substrate is removed 
effectively. 
[0024] 

[Embodiment of the Invention]This invention has the feature in washing of contamination 
adhering to the semiconductor substrate which formed the precious metals or a precious-metals 
oxide. Therefore, at the cleaning method in this invention, the candidate for washing will not have 
restriction, especially if said precious metals or a precious-metals oxide film is formed on the 
semiconductor substrate. Specifically, a capacitative element etc. are mentioned. In a 
capacitative element, the demand standard over cleanliness is high and the effect of this 
invention is demonstrated more notably. Since this invention has the feature in washing of the 
metallic contamination adhering to a substrate, the kind in particular of semiconductor substrate 
is not limited, but can also use a SOI substrate, the substrate which consists of an III-V fellows 
semiconductor material besides a silicon substrate, etc. 

[0025]The method for film deposition in particular of the precious metals or a precious-metals 
oxide is not limited. For example, membranes can be formed by publicly known methods, such as 
PVD, a CVD method, and sputtering process. The precious metals or the precious-metals oxide 
in this invention is used, for example as the lower electrode of a capacitative element, and an 
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upper electrode. The capacitative element which uses a ferroelectric etc. as a capacity 
insulation film, for example can be mentioned to a capacitative element. A ferroelectric has 
spontaneous polarization and refers to material with the character which it can reverse by an 
electric field here. Specifically BST (Ba^Sr^_^Ti03), PZT (PbZr^Ti^.^Og), PLZT (Pb^_yLayZr^Ti^_ 

^Og), Metallic oxides which consist of perovskite system materials, such as SrBi2Ta20g, such as 

a film (it is 0<=x<=1 and 0< y<1 about all of the above-mentioned compound here.) and TagOg. 

can be mentioned. 

[0026]As for an electrode material, when using the precious metals or a precious-metals oxide 
as an electrode of a capacitative element in this invention, it is desirable to choose suitably 
according to the material of a capacity insulation film. Although various materials are used as an 
electrode, it is preferred that it is a thing containing 1 or two or more materials which are chosen 
from the group which consists of Pt, Au, Ir, Ru, Cu, TiN, WN, Ir02, and RUO2. It is because it 

excels in chemical stability, heat resistance, and conductivity and has the characteristic suitable 
as an electrode material of a capacitative element. When such a material is chosen, the effect of 
this invention is demonstrated more notably. Namely, when such materials are applied to a 
capacitative element, while the characteristic excellent in chemical stability, heat resistance, and 
conductivity is obtained, when contamination arises with such materials. It became the cause of 
producing degradation of a remarkable electrical property to a device, and since it was still more 
chemically stable, it had the technical problem that it was difficult to remove using a penetrant 
remover. In the method of this invention, since this technical problem is solved, the 
characteristic which was excellent in the above-mentioned material can fully be harnessed. 
[0027]The method for film deposition in particular of an oxide film is not limited. For example, 
membranes can be formed by publicly known methods, such as a CVD method and an oxidation 
method by heating in an oxidizing atmosphere. Since it has the operation which makes it control 
that such an oxide film has the operation which reduces the adhesion force of contamination, 
and metallic contamination diffuses it inside a substrate, washing will become more effective. 
[0028]Said precious metals or the precious-metals oxide film which adhered in addition to the 
desired part by washing in the cleaning method in this invention using the drug solution which 
has a predetermined etch rate with the process which said 1 st penetrant remover is made to 
distribute, and the 2nd penetrant remover. The contamination containing the electrode layer 
ingredient etc. which adhered in addition to the part of a request of a substrate by the process 
of removing said precious metals or the precious-metals oxide which carried out the 
reattachment is removed. It is satisfactory even if it adds other washing before the 1st washing 
process or the 2nd washing process. 

[0029]The kind in particular of penetrant remover used for the washing process of this invention 
is not limited, but can use various things. For example, ammonia, tetramethylammonium 
hydroxide (TMAH), And 1 or containing-two or more mixed liquor can be used for acidic 
solutions, such as alkaline solutions, such as hydroxylation trimethyl (2-hydroxy) ethylammonium, 
fluoric acid, and ammonium fluoride, or these solution ingredients. 

[0030]As for the 1st penetrant remover, in this invention, it is preferred that an etch rate is what 
has the performance of not less than 3 nm/m, and the contaminant adhering to the rear face of 
the substrate can be removed much more effectively by using such a penetrant remover. 
[0031]As for the 1st penetrant remover, in this invention, it is preferred that they are a thing 
containing HF or an alkaline fluid. It is because such a penetrant remover can control the etch 
rate of a substrate by adjustment of constituent concentration and it can wash effectively. 
[0032]As for the 2nd penetrant remover, in this invention, it is preferred that an etch rate is 
smaller than said 1st penetrant remover. It is because the drug solution with a small etch rate 
cannot change the surface state of a semiconductor substrate a lot, can remove particle and 
can control the reattachment effectively. 

[0033]As for the 2nd penetrant remover, in this invention, it is preferred to have the operation 
which produces electrostastic or three-dimensional repulsive force by control of surface 
potential, surface tension, the surface amount of adsorption, etc. The drug solution which has 
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such an operation is because the cleaning effect which could remove effectively the particle 
contamination which remained on the substrate in said 1st washing process, and was more 
excellent is acquired. 

[0034]In this invention, as for the 2nd penetrant remover, it is preferred that it is what controls 
the reattachment of contamination, and especially an alkaline penetrant remover is preferred for 
it. As an alkaline penetrant remover, the penetrant remover containing an ammonia solution, 
amines, ammonium salt, etc. is used, for example. Among these, even when any are chosen, the 
electrostatic repulsion operation resulting from being alkalinity is obtained, and the reattachment 
of contamination can be controlled. However, much more advantages can be acquired by 
choosing a specific kind of thing among the above. For example, it is preferred to contain 1 or 
two or more ingredients which are chosen from the group which consists of ammonia, 
tetramethylammonium hydroxide (TMAH), and hydroxylation trimethyl (2-hydroxy) 
ethylammonium. If the penetrant remover containing such an ingredient is used, etching a 
substrate, the reattachment of contamination can be controlled and electrode material 
contamination can be removed much more effectively. There is also little survival of a penetrant 
remover ingredient and it is rare to stick to a substrate etc. and to have an adverse effect on 
the characteristic. The advantage that the rinse process after washing can be simplified is also 
acquired. Among these, especially the penetrant remover containing ammonia is preferred. 
Especially survival of a penetrant remover can be reduced and the rinse process after washing 
can be simplified remarkably. Management of the concentration of a penetrant remover, etc. is 
easy and dispersion in processing by change of a penetrant remover presentation can be 
reduced. 

[0035]In this invention, the penetrant remover can make washing more effective by containing an 
oxidizer, chelate material, and a surface active substance. A chelating agent means metal, a 
metallic oxide, especially the compound that has the capability to form a chelate complex to an 
etch residue, and, as for a surface active substance, the adsorbing action to an interface says 
the thing of a high substance here. 

[00363As an oxidizer, hydrogen peroxide, nitric acid, sulfuric acid, perchloric acid, ozone, oxygen, 
etc. can be used, its washing is more effective, in order that the penetrant remover in which 
these oxidizers were contained may have the operation which reduces the adhesion force of 
contamination and controls the reattachment by carrying out hydrophilization of the surface of a 
substrate and may decompose contamination of an organic matter etc. further — it becomes. 
[0037]As a chelating agent, specifically Ethylenediaminetetraacetic acid (EDTA), Transformer 
1,2-cyclohexanediaminetetraacetic acid (CyDTA), Compounds, such as nitrilotriacetic acid 
(NTA), diethylenetriaminepentaacetic acid (DTRA), and N-(2-hydroxyethyl) ethylene diamine 
N,N\N'-Tori acetic acid (EDTA-QH), or these salts are mentioned. When using a salt, the salt 
which does not have an adverse effect on the characteristic of a semiconductor device is 
preferred, and the salt which does not contain metal like especially ammonium salt is preferred. 1 
thru/or 10,000 ppm of content of a chelating agent shall be 10 thru/or 1,000 ppm more 
preferably to an alkaline penetrant remover. If this concentration is too thin, sufficient chelate 
effect will not be acquired, but if too conversely deep, it will become a factor which an organic 
matter remains [ factor ] in a substrate face and degrades the performance of a semiconductor 
device, or expense will start processing of waste fluid. If such a chelating agent is used, the 
removing effect of metallic contamination not only increases, but it can prevent the 
reattachment of the once removed metallic contamination effectively. 

[0038]As a surface active substance, alcohols, a surface-active agent, etc. can be mentioned, 
for example. It is because the penetrant remover containing such a surface active substance has 
the operation which permeates easily between the surface of a substrate, and contamination 
since surface tension is low, and controls the surface potential and the three-dimensional 
repulsive force of a substrate face further, so it can raise the removing effect of contamination. 
[0039]When washing in this invention, it is preferred to impress an ultrasonic wave. A cleaning 
effect can be further heightened by doing in this way. Under the present circumstances, as for 
the frequency of an ultrasonic wave, it is preferred to be referred to as not less than 800 kHz. If 
it is less than 800 kHz, a damage may be given to a wafer and the detergency by an ultrasonic 
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wave may not fully be obtained. In this invention, various cleaning methods are applicable. For 
example, it can carry out with dip coating, a spray method, a roll coating method, a spin coat 
method, or other mechanical methods. 

[Example](Example 1) This example shows an example of the manufacturing method of the 
semiconductor device provided with the capacitative element containing a noble metal electrode 
film and a ferroelectrics film. This example is described with reference to drawing 1 . 
[0040]The MOS transistor was first formed on the silicon substrate 10 like drawing 1 (a). About 
10 nm of thickness formed the silicon oxide 1 1 which turns into gate oxide on the silicon 
substrate 10 surface by thermal oxidation. Subsequently, on it, the phosphorus doped polysilicon 
12 and WSi13 were formed as 100 nm of thickness with the CVD method, respectively. The 
silicon oxide 1 1, the phosphorus doped polysilicon 12, and WSi13 were patterned continuously, 
and the gate electrode was formed. Gate length could be 0.3 micrometer. Next, the impurity 
diffused layer 14 was formed by the ion implantation. MOSFET was completed all over the field 
separated with the isolation oxide film 15 as mentioned above. 

[0041] Next, the contact plug was formed as shown in drawing 1 (b). After forming the silicon 
oxide (BPSG) 16 which contained boron as an interlayer insulation film first with a CVD method, 
flattening was carried out by the CMP method. Subsequently, after carrying out the opening of 
the contact hole by etching, Ti film 17 was formed as a barrier metal, and the tungsten film 18 
was further formed on it. This formed the tungsten plug. 

[0042]Next, the layer which constitutes ferroelectric capacity as shown in drawing 1 (c) was 
formed. The weld slag of a Ti film and the TiN film was carried out continuously first, on it, a 
100-nm Pt film was formed and the capacity lower electrode layer 21 was formed. Next, PZT film 
20 (100 nm of thickness) was formed with the CVD method. NO2 was used as an oxidizer, using 

screw dipivaloyi meta-NATO lead, titanium iso polo POKISHIDO, and zirconium butoxide as 
material gas. The substrate temperature at the time of membrane formation was 400 **, and 
total pressure of the gas in the vacuum housing at the time of membrane formation was set to 

5x10 Torr. Ir02 and Ir were continuously formed by sputtering process, and the capacitance- 
upper-electrodes layer 19 was formed. Next, as shown in drawing 2 (a), the photoresist 22 was 
formed on the capacitance-upper-electrodes layer 1 9. Resin of a cresolnovolak system was 
used as a resist material. Subsequently, dry etching of the capacity lower electrode layer 21, 
PZT film 20, and the capacitance-upper-electrodes layer 19 was carried out by having used this 
photoresist 22 as the mask, and it was considered as predetermined shape ( drawing 2 (b)). 
[0043]In this process of a series of, as shown in drawing 3 (a), the metallic contamination 23 
which consists of a resultant of the charge of a ferroelectric film material, electrode layer 
material and these, and etching gas, etc. adhered to the rear face of the wafer. The etching 
process was performed using the HF solution which has an etch rate of 30 nm/m for this 
metallic contamination 23, and it washed using the ammonia hydrogen peroxide mixed liquor 
which subsequently has an etch rate of 0.2 nm/m. Each washing time was carried out for 3 
minutes. The device shown in drawing 4 was used when washing. In the device shown in drawing 
4, the wafer 24 was turned to the revolving wafer buck 25, the contamination side was turned up, 
and it installed. With the vacuum pump (un-illustrating) provided in the revolving wafer buck 25, 
the wafer 24 carried out vacuum suction of the contact portion, and was fixed. In the 
contamination side of the wafer 25, the penetrant remover (un-illustrating) or pure water (un- 
illustrating) stored, respectively was sprayed and washed via the nozzle 29 through the piping 28 
to the depot 26 and the depot 27. At this time, by rotating the revolving wafer buck 25, the wafer 
24 was rotated and the penetrant remover (un-illustrating) was diffused in the whole 
contamination side of the wafer 25. The ultrasonic wave with a frequency of 800 kHz was 
impressed to the penetrant remover (un-illustrating) with the ultrasonic wave oscillator 30. By 
washing the above-mentioned wafer using the washing station concerned, the metallic 
contamination 23 shown in drawing 3 (a) was removed. 

[0044]About the above-mentioned wafer, the quantity of contaminant of iridium, platinum, 
copper, and lead adhering to the wafer back face before and behind washing was analyzed using 
the total-internal-reflection X-ray fluorescence (TRXRF) device. The result is shown in Table 1. 
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[0045]It continued, the photoresist 22 was exfoliated using resist removing liquid, and PZT 
capacity was completed ( drawing 3 (b)). 

[0046]By this example, after forming Pt capacity lower electrode, a PZT film, and Ir02/Ir 

capacitance upper electrodes, described how to pattern capacity by the dry etching method, but. 
First, after patterning a capacity lower electrode by dry etching, membrane formation of PZT 
may be performed, subsequently an upper electrode may be formed, and an upper electrode may 
be patterned. If this method is used, the film which performs dry etching becomes thin and a 
more detailed pattern can be formed. 

[0047](Example 2) The semiconductor device was produced like Example 1 except having used 
FPM (HF-hydrogen peroxide mixed liquor) which replaces with the HF solution used in Example 
1, and has 30-nm the etch rate for /as a penetrant remover at the time of performing washing 
after drawing 2 (b). 

[0048](Example 3) The semiconductor device was produced like Example 2 except having used 
what carried out 500 ppm (weight reference) addition of EDTA for APM used in Example 2 as a 
chelating agent as a penetrant remover at the time of performing washing after drawing 2 (b). 
[0049](Comparative example 1) Except having washed the penetrant remover at the time of 
performing washing after drawing 2 (b) using HPM (37wt%HCI/30wt%H2O2/H2O=1/1/6, 80 **) 

used for washing of the conventional metallic contamination, The semiconductor device was 
produced like Example 1. 

[0050](Comparative example 2) The penetrant remover at the time of performing washing after 
drawing 2 (b). The semiconductor device was produced like Example 1 except having washed 
using APM (29wt%NH3/30wt%H2O2/H2O=1/1/5. 80 **, and an etch rate are 1 nm/m) used for 

washing of the conventional particle contamination. 

[0051](Comparative example 3) After forming a capacitative element on a wafer, without forming 
an oxide film in the rear face of a silicon wafer in the membrane formation process of drawing 2 
(a). After washing using the ammonia solution which has an etch rate of 30 nm/m as a penetrant 
remover, the semiconductor device was produced like Example 1 except having used APM which 
has an etch rate of 0.2 nm/m. 
[0052] 
[Table 1] 



I atoms yc m^) 







Pt 




Pb ffiS^fi 




9.8X10^1 


5. 2 X 10^ 


6. 3 X 10" 


3.7X10^2 




D. L. JgJLT* 


D. L. UT* 


2.2X10» 
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mmm2 


D. L. iSkT* 




D, L- KT* 
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1. 8 X 10^ 
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3 


7.9X10" 


6.0X10^0 


2-1X10" 


3.7X10^^ 



D. L. 0" 



[0053]In the above-mentioned comparative example 1 and the comparative example 2, iridium 
and platinum all remained after washing, namely, a ratio — in the method of the bad precedent 1, 
although washed using the acidic washing liquild used for the conventional metallic 
contamination, sufficient removing effect was not acquired. Although washed in the method of 
the comparative example 2 using the alkaline penetrant remover used for the conventional 
particle contamination, since the etch rate was insufficient, sufficient removing effect was not 
acquired. In the comparative example 3, in spite of having used the penetrant remover which has 
an etch rate equivalent to Example 1, since the oxide film was not formed in a rear face, 
sufficient removing effect was not acquired. On the other hand, by the method of Example 1, 
iridium and platinum contamination were removed thoroughly. In Example 2, the copper 
contamination which remained in Example 2 was able to be removed thoroughly. In Example 3, 
the lead pollution which remained in Example 1 and Example 2 could be removed thoroughly, and 
any contamination was able to be washed below to D.L. 
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[0054] 

[Effect of the Invention]In this invention, after forming an oxide film top in the rear face of a 
semiconductor substrate, a metal-electrode film is formed on a substrate and the metallic 
contamination produced at the rear face is gradually washed using the drug solution which has a 
predetermined etch rate. 

Therefore, effective washing can be performed. 



[Translation done.] 
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